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METHOD TO BUILD MULTI LEVEL 
STRUCTURE 

FIELD OF THE INVENTION 

The invention relates to semiconductor devices. In 
particular, the invention relates to a multi-level metal struc 
ture and a process for forming the multi-level metal struc 
ture. 

BACKGROUND OF THE INVENTION 

Metallic structures are formed in semiconductor devices 
for carrying out a plurality of functions including transmis 
sion of current and signals betWeen and among various 
layers in multi-layer semiconductor device structures. Metal 
structures may also be included in a semiconductor device 
structure for heat transmission. The metal structures may 
include one or more metals and/or alloys. Typically, the 
metal structures are surrounded in the semiconductor 
devices by dielectric material to isolate and support them. 

SUMMARY OF THE INVENTION 

The present invention provides a method for forming a 
metal structure. The method includes depositing a ?rst 
dielectric material on a substrate. The ?rst dielectric material 
is patterned. At least one metal is deposited in and on the 
patterned ?rst dielectric material. Portions of the at least one 
metal are removed in a region above an upper surface of the 
patterned ?rst dielectric material. The ?rst dielectric mate 
rial is removed. A second dielectric material is provided in 
place of the ?rst dielectric material. 

The present invention also provides a metal structure 
formed according to a method including depositing a ?rst 
dielectric material on a substrate and patterning the ?rst 
dielectric material. At least one metal is deposited in and on 
the patterned ?rst dielectric material. Portions of the at least 
one metal are removed at least in a region above an upper 
surface of the patterned ?rst dielectric material. The ?rst 
dielectric material is removed and a second dielectric mate 
rial is provided in place of the ?rst dielectric material. 

Still other objects and advantages of the present invention 
Will become readily apparent by those skilled in the art from 
the folloWing detailed description, Wherein it is shoWn and 
described only the preferred embodiments of the invention, 
simply by Way of illustration of the best mode contemplated 
of carrying out the invention. As Will be realiZed, the 
invention is capable of other and different embodiments, and 
its several details are capable of modi?cations in various 
obvious respects, Without departing from the invention. 
Accordingly, the draWings and description are to be regarded 
as illustrative in nature and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned objects and advantages of the 
present invention Will be more clearly understood When 
considered in conjunction With the accompanying draWings, 
in Which: 

FIG. 1, FIG. 2, FIG. 3, and FIG. 4 represent cross 
sectional vieWs of a structure at various stages of being 
formed according to a typical damascene process; 

FIG. 5, FIG. 6, FIG. 7, FIG. 8, and FIG. 9 represent 
cross-sectional vieWs of an embodiment of a structure at 
various stages of an embodiment of a process according to 
the present invention; 

FIG. 10, FIG. 11, FIG. 12, FIG. 13, FIG. 14, FIG. 15, and 
FIG. 16 represent cross-sectional vieWs of an embodiment 
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2 
of a structure at various stages during a second embodiment 
of a method according to the present invention; and 

FIG. 17, FIG. 18, FIG. 19, and FIG. 20 represent cross 
sectional vieWs of an embodiment of a structure at various 
stages according to another embodiment of a process 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As stated above, metal structures are formed in semicon 
ductor devices to carry out a plurality of functions. Metal 
structures typically are surrounded by dielectric material to 
isolate and support them. In a damascene structure, the 
metal(s) are deposited directly in the dielectric material. 

Often metallic structures are made in a plurality of layers. 
Often times, the metallic structures may be stacked on top of 
each other. In a damascene structure, forming the metal 
structures, Whether multi-layer or not can result in problems 
With the dielectric material. For example, some dielectric 
materials exhibit poor resistance to crack propagation, par 
ticularly When the dielectric materials are in tension. Some 
dielectric materials may additionally or alternatively suffer 
from moisture stress corrosion. 

The above-discussed problems are particularly associated 
With spin-on dielectric materials. Many spin-on dielectrics 
are fragile particularly When compared to traditional oxides. 
HoWever, spin-on dielectric materials are very attractive 
materials for application in multi-level interconnections 
especially because of their cost and ease of use. These 
properties make these dielectric materials dif?cult to utiliZe 
and damascene chip Wiring methods. HoWever, damascene 
chip Wiring methods are especially useful, particularly for 
forming copper Wiring structures, Which are especially 
desirable. 

Many dielectric materials, Whether spin-on or not, may 
also exhibit poor adhesion. Such dielectrics may be very 
tough to integrate and build into a structure. Additionally, 
such materials can experience local and/or global delami 
nation. Furthermore, some dielectric materials may have 
poor fracture strength. Poor fracture strength can lead to 
tensile cracks, intralevel and interlevel shorts, and yield loss. 
Some dielectric materials are also sensitive to reactive ion 

etch processes. Along these lines, the dielectric materials 
may undergo structural material changes. Reactive ion etch 
ing can also cause the dielectric constant to change. 
Furthermore, reactive ion etching processes can cause crack 
ing in dielectric materials as Well as change in other 
characteristics, such as hydrophilicity, among other charac 
teristics. 

FIGS. 1—4 illustrate cross-sectional vieWs of a structure at 
various stages according to a typical knoWn damascene 
process. Along these lines, FIG. 1 illustrates a substrate 1 on 
Which a layer of an insulator 3 has been deposited. The 
insulating layer 3 may be patterned utiliZing typical photo 
lithography and etching techniques to form a pattern of 
openings 5 in the insulator layer 3. For example, reactive ion 
etching could be utiliZed to form the pattern of openings 5 
in the insulating layer 3. 

FIG. 2 illustrates an example of a patterned insulating 
layer 3. An adhesion layer 7 may be deposited over insulator 
layer 3 and expose substrate 1 in the openings 5 in the 
insulator layer. Metal 9 may then be deposited in the 
openings 5 and over the upper surface of the insulator layer 
3. After depositing the metal 9, portions of the metal may be 
removed through polishing. The polishing may also remove 
portions of the adhesive layer/barrier layer 7 lying on top of 
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the upper surface of insulator layer 3. FIG. 4 illustrates the 
resulting structure. 

The present invention provides a solution to the above 
described and other problems by providing a method for 
fabricating multi-level metal structures in semiconductor 
devices utiliZing brittle and non brittle spin-on ?lms. 
According to the present invention, after forming a structure 
such as that illustrated in FIG. 4, the insulator material 3 may 
be removed. A second insulating material may be provided 
in place of the ?rst insulating, or dielectric, material. In vieW 
of its removal, the ?rst dielectric material may be referred to 
as a sacri?cial dielectric, or insulator, material. 

Among the advantages of the present invention are elimi 
nating exposure of the second dielectric to reactive ion 
etches Which can cause structural material changes. The 
present invention also provides a minimum risk method to 
build metal structures and utiliZe less mechanically durable 
insulators With desirable dielectric constants. This is par 
ticularly important because the present invention eliminates 
problems associated With chemical mechanical polishing or 
other polishing techniques on top of soft insulators. 

FIGS. 5—9 illustrate a structure at various stages accord 
ing to an embodiment of a process according to the present 
invention. As can be seen from FIGS. 5—9, a process 
according to the present invention may produce a similar 
looking structure at certain points in relation to the appear 
ance of the structure formed according to a traditional 
damascene process. Along these lines, FIG. 5 illustrates a 
substrate 11 on Which a layer of dielectric material 13 has 
been deposited. 
Any dielectric material may be utiliZed as the ?rst dielec 

tric. According to one embodiment, the ?rst dielectric mate 
rial is a polymeric material. The polymeric material may 
include soluble epoxies. HoWever, While the present inven 
tion may be utiliZed With any dielectric materials, it is 
particularly useful With spin-on dielectric materials. 
Examples of spin-on dielectrics include hydrogen or methyl 
silsesquioxanes, such as ?oWable oxide (FOX) and 650-F; 
poly-arylene ethers, such as SilK and FLARE; porous sili 
cate glasses, such as nanoglass and xerogel; polyimides; 
?uoropolymers; epoxies; and spin-on glasses. 

Dielectric layer 13 may be patterned to form a pattern of 
openings 15 in the dielectric layer 13. The pattern of 
openings 15 may be formed in the dielectric layer according 
to traditional photolithography and etching techniques. After 
patterning the dielectric layer 13, the dielectric material may 
be stabiliZed. According to the present invention, stabiliZa 
tion of the dielectric material can include exposing it to 
elevated temperatures. The temperatures that the dielectric 
material may be exposed may range from about 20° C. to 
about 430° C. Typically, the temperature may be from about 
20° C. to about 385° C. More typically, the temperature is 
about 150° C. to about 350° C. Further typically, the 
temperature may be about 150° C. to about 250° C. 

While exposing the dielectric material to elevated 
temperatures, the dielectric material may be exposed to 
reduced pressures. Along these lines, typically, dielectric 
material may be exposed to pressures of from about 2 
millitorr to about 760 torr. The pressure may be even less 
than about 1 torr. FIG. 7 illustrates the structure illustrated 
in FIG. 6 after stabiliZation of the dielectric material. 
A dielectric material may also be processed prior to 

patterning. Processing the dielectric material prior to pat 
terning may include exposing it to elevated temperatures. 
Along these lines, prior to patterning, a dielectric material 
may be exposed to temperatures of about 20° C. to about 
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4 
430° C. Typically, the temperature is from about 150° C. to 
about 250° C. The dielectric material may be exposed to 
these temperatures for a time of about from about one 
minute to about one hour. The exposure time could even be 
as long as several hours. During this period, the pressure that 
the dielectric material is exposed to typically is in the 
vicinity of atmospheric pressure. 

After stabiliZing the dielectric material, a barrier layer 17 
may be deposited on the upper surface of the dielectric 
material 13, on a surface Within the openings 15 and on the 
exposed surface of the underlying substrate 11 lying Within 
the openings 15. Any barrier/adhesion layer may be utiliZed, 
depending upon the metal that is to be deposited in the 
patterned dielectric. Examples of barrier/adhesion layers 
include boron phosphorus doped silica glass (BPSG), phos 
phorus doped silica glass (PSG), silicon nitride, silicon 
carbide, diamond-like carbon, silicon oxynitride, and 
carbon-doped silicate glass(es). The thickness of the barrier/ 
adhesion layer may also vary depending upon the environ 
ment. Typically, the barrier/adhesion layer has a thickness of 
about 200 A to about 600 

After depositing the adhesion layer, Which may also act as 
a barrier layer, the metal 19 is deposited over the adhesion/ 
barrier layer 17. Portions of the metal and the barrier/ 
adhesion layer may be removed to result in the structure 
illustrated in FIG. 9. Removing the metal and barrier/ 
adhesion layer may be carried out With traditional chemical 
mechanical polishing techniques or other techniques. 

FIG. 10 illustrates an example of an embodiment of a 
present invention Wherein a dual damascene build structure 
has been created. The structure illustrated in FIG. 10 
includes substrate 21 a barrier layer 23 of silicon dioxide 

SiO2. 
First dielectric material 25 has been deposited on layer 23, 

treated, if desired, and patterned. Adhesion/barrier layer 27 
has been deposited and metal 29 deposited on the barrier/ 
adhesion layer. The metal and portions of the barrier/ 
adhesion layer have been polished off. The metal 29 may 
include any number of desired metals. According to one 
example, metal 29 may be a combination of TaN/Ta/Cu. 
According to another example, the metal is TiN/Al. Accord 
ing to further examples, the metal is Ta, TaN, Ti, TiN, W, 
WN, TiSiN, TaSiN, Ti/TiN/Al, Ti/TiN/W, Ti/W, and/or any 
typical metal interconnect ?ll of Cu, Al/Cu, W, and/or Au. 
While FIG. 10 illustrates a dual damascene build 

structure, FIG. 11 illustrates a single damascene build. 
Accordingly, FIG. 11 illustrates substrate 31 With layer 33 
formed thereon. Insulating material 35 has been deposited 
on layer 33 and patterned. Adhesion/barrier layer 37 has 
been deposited and beveled and deposited on barrier adhe 
sion layer 37. The metal and adhesion/barrier layer have 
been polished to result in the structure illustrated in FIG. 11. 

According to some embodiments, to protect the metal 
deposited in the patterned ?rst dielectric layer, a cap may be 
formed over the metal. The cap may also extend over the 
barrier/adhesion layer. The composition of the cap may vary 
from embodiment to embodiment. A cap structure is par 
ticularly useful When the metal is copper. 
The cap structure can prevent interdiffusion of metal 

betWeen adjacent levels. Along these lines, the cap discussed 
herein can provide the functions of Cu diffusion barrier, Cu 
corrosion protection, and adhesion promotion of subsequent 
dielectrics to Cu. In a damascene interconnect, the barrier 
layer metal, Ta, TaN, TiN, among others, may protect the 
sides and bottom. HoWever, after chemical mechanical pol 
ishing (CMP) planariZation, the upper surface of the inter 
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connect can be exposed. In the case of copper, all surfaces 
typically are protected from corrosion, as Well as being 
treated for adhesion of subsequent ?lms. 

Alternatively, if the cap is selectively deposited, or oth 
erWise patterned, such that the cap only exists on top of the 
copper interconnects, then the cap may be at least one metal. 
Such selective processes that have been considered include 
selective chemical vapor deposition of W, Al, or other 
corrosion-resistant metal, or electroless plating deposition of 
CoP, NiP, COWP, Sn, In, or other metal that can be selec 
tively electrolessly deposited on Cu. 

If the cap is a blanket ?lm covering both the copper 
interconnect surfaces and the insulating gaps betWeen the 
interconnects, then this cap typically is an insulator. 
OtherWise, the interconnects Would be shorted together. The 
most commonly used thin ?lm cap for this purpose is silicon 
nitride. Other possibilities for cap materials include silicon 
oxynitride, silicon carbide, and certain carbon-doped silicate 
glasses. 

According to some embodiments, the cap may comprise 
CoP, NiP, Ni, or CoP/NiP or other suitable materials that 
provide similar characteristics and/or function With respect 
to properties important to the cap structure. The cap may 
help protect the metal during etch of the ?rst dielectric, or 
insulating, material. Although they may be utiliZed With any 
embodiment, typically, the cap structures are necessary only 
When utiliZing copper as the metal. This is because copper 
readily diffuses, Whereas Al and W are more resistant to 
diffusion. Along these lines, Al(Cu) or Al can form a 
self-passivating, hard, stable oxide skin that protects it from 
corrosion and promotes adhesion to other materials. On the 
other hand, W doe not oxidiZe or corrode extensively enough 
to require a cap. Au interconnects typically require a cap, but 
only to promote adhesion of subsequent insulators, since Au 
does not corrode. 

Cap structure 41 may be formed With any desired thick 
ness. According to one example, the cap is about 1500 A 
thick, for submicron interconnects, the cap may be thinner. 
Along these lines, the cap can have a thickness of about 200 
A to about 400 
Acap that includes CoP/NiP may include about 500 A of 

CoP and about 1000 A of NiP. Typically, a layer of only one 
of these materials is used, although a layer including both 
materials may be used or tWo separate layers, one of each 
material. According to one embodiment, the cap includes 
tWo separate layers, one of CoP having a thickness of about 

500 A and one of NiP having a thickness of about 1000 According to another speci?c embodiment, the cap includes 

a layer about 200 A thick of CoP or COWP and a second 
layer having a thickness of about 0 A to about 200 A of NiP. 

FIG. 12 illustrates an example of an embodiment of metal 
structure according to the present invention over Which a cap 
41 has been formed. In the structure illustrated in FIG. 12, 
the ?rst dielectric material has also been removed. The 
substrate and metal illustrated in FIG. 12 correspond to the 
embodiment illustrated in FIG. 11. 

After formation of a cap, if desired, and removal of the 
?rst, sacri?cial dielectric, a second dielectric material may 
be provided in place of the ?rst dielectric material. Any 
desired dielectric may be deposited in place of the ?rst 
dielectric material. HoWever, it is particularly desirable 
utiliZe the present invention for deposition for the spun-on 
dielectric materials discussed above in place of the sacri? 
cial dielectric material. This is because the spun-on dielec 
tric may be deposited at this point in the manufacture of a 
device not be subjected to the processes that it Would have 
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6 
been subjected to during dielectric patterning and metal 
deposition that can result in damage to the spun-on dielectric 
materials. HoWever, any dielectric material may be depos 
ited in place of the sacri?cial dielectric utiliZing any method 
to deposit the second dielectric. 

After depositing the second dielectric material, the cap 
may be removed from on top of the metal structures. FIG. 13 
illustrates the structure illustrated in FIG. 12 after deposition 
of the second dielectric material 43 and removal of the cap 
structures 41 illustrated in FIG. 12. Prior to deposition of the 
second dielectric, another barrier/adhesion layer may be 
deposited over exposed portions of the substrate or layer 33 
on top of the substrate and on exposed portions of the 
barrier/adhesion layer on the metal structures. The barrier/ 
adhesion layer may be BPSG or any other suitable material. 

The sacri?cial dielectric/insulator may be removed 
according to any knoWn process. For example, if the sacri 
?cial dielectric is a polymer, etching or solvent removal 
techniques may be utiliZed. According to one example, a 
reactive ion etch is utiliZed. Along these lines, a reactive ion 
etch utiliZing 02 may be utiliZed. On the other hand, if the 
sacri?cial dielectric is an oxide, an etch utiliZing CF 4 plasma 
may be utiliZed to remove the sacri?cial dielectric. 

According to some embodiments, the sacri?cial dielectric 
may not be entirely removed. According to such 
embodiments, a residue of the ?rst, sacri?cial dielectric may 
remain after removal of the ?rst sacri?cial dielectric. FIG. 
14 illustrates an example of such an embodiment. 

The structure illustrated in FIG. 14 includes substrate 47. 
Layer 49 has been deposited on substrate 47. Metal struc 
tures 51 have been formed on the layer 49, With a barrier/ 
adhesion layer 53 intact on the metal structures 51. A cap 
structure 55 has been formed over the metal structures. 

At the stage illustrated in FIG. 14, the ?rst sacri?cial 
dielectric layer has been removed. HoWever, as stated above, 
portions 57 of the ?rst dielectric layer remain on the struc 
ture. Not removing all of the sacri?cial dielectric layer may 
help to stabiliZe and support very long poorly supported 
metal structures. In other Words, metal structures that extend 
a long distance from the substrate. 

If the barrier layer deposited prior to metal deposition is 
totally or partially intact, another barrier layer may be 
deposited to replace the lost barrier/adhesion layer. One 
example of a material that may be utiliZed in the replacement 
barrier/adhesion layer is BPSG as discussed above. FIG. 15 
illustrates a structure that includes a replacement barrier 59. 

The structure illustrated in FIG. 15 represents a cross 
sectional vieW of a portion of the structure illustrated in FIG. 
14. Along these lines, the structure illustrated in 15 includes 
substrate 47, layer 49 deposited on substrate 47, residual 
sacri?cial dielectric material 57, metal structures 51, and cap 
55. A second dielectric material 61 has been deposited over 
the entire structure illustrated in FIG. 15. After depositing 
second dielectric 61, portions of the second dielectric layer, 
replacement barrier/adhesion layer, cap 55, and metal struc 
tures 51 may be removed in the entire upper surface of the 
surface planariZed. The resulting structure is illustrated in 
FIG. 16. 
The present invention may be utiliZed to create multi 

level metal structures. The sequence of steps for creating 
multi-level metal structures may vary, depending upon the 
embodiment. For example, according to one embodiment of 
the present invention for creating multi-level structures, 
prior to removing the ?rst dielectric layer, an additional 
dielectric layer may be deposited over a structure such as 
that is illustrated in FIG. 9, the additional dielectric layer 
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may be patterned, metal deposited and the metal planariZed. 
This series of steps may be carried out as many times as is 
necessary to create as many metal levels as desired. Accord 
ing to one embodiment, the steps are repeated tWice to result 
in a structure having three metal levels. 

According to an alternative method, the ?rst dielectric 
layer may be removed and the second dielectric material 
deposited to complete the ?rst metal level. The steps for 
forming a structure illustrated in FIG. 9 may then be 
repeated on the second dielectric layer and ?rst metal level. 
The sacri?cial dielectric layer may be removed from the 
second metal level layer and the second dielectric layer 
deposited in the second metal level. 

Alternatively, rather than moving the ?rst dielectric mate 
rial from the second metal level layer, a third layer may be 
built on top of the second level. According to this alternative 
embodiment, the ?rst dielectric material may be removed 
from the second and third dielectric levels simultaneously. 
The second dielectric material may then be deposited 
therein. 

According to one embodiment, three metal levels are 
formed prior to removing any of the ?rst sacri?cial dielectric 
material. The ?rst dielectric material is removed from all 
metal levels. The second dielectric material may then be 
deposited in all three metal levels simultaneously. FIGS. 
17—20 illustrate such an embodiment. 

Along these lines, FIG. 17 illustrates a substrate 63. Layer 
65 has been deposited on substrate 63. Sacri?cial insulator 
layer 67 has been deposited on layer 65. Metal structures 69 
have been provided in patterned openings in the ?rst dielec 
tric layer 67 With a barrier layer 71 deposited betWeen the 
metal 69 and the insulator 67. 

FIG. 18 illustrates the structure after tWo additional metal 
levels have been formed on the ?rst level illustrated in FIG. 
17. The second metal level illustrated in FIG. 18 includes 
metal structure 73 surrounded by barrier layer 75, While the 
third metal level illustrated in FIG. 18 includes metal 
structure 77 surrounded by barrier layer 79. Each metal level 
in the structure illustrated in FIG. 18 includes the same ?rst 
dielectric material 67. HoWever, in some embodiments vari 
ous layers, even if they are built successively upon each 
other such as in the structure illustrated in FIG. 18, may 
include different dielectric materials as the ?rst dielectric 
material. 

After forming the metal levels, all of the sacri?cial 
dielectric may be removed, resulting in the structure illus 
trated in FIG. 19. Depending upon Whether it is desired to 
remove just the sacri?cial dielectric or also the barrier layer, 
different processes may be utiliZed. For example, if it is 
desired to remove the dielectric and the barrier layer, the 
materials may be removed With an etch utiliZing a CF4 
plasma. If only the dielectric is being removed, it may be 
removed utiliZing only solvents. The barrier layer typically 
exists only on the side Walls and bottom Walls of the 
interconnects and vias. 
A second dielectric layer 81 may be then be deposited to 

result in the structure illustrated in FIG. 20. Whether it is the 
embodiment shoWn in FIG. 20, any other embodiment 
shoWn and described herein or any other embodiment, prior 
to depositing the second dielectric material, at least a portion 
of the surface of the at least one metal structure formed 
according to the present invention may be passivated. 

Prior to deposition of the second dielectric material, if 
necessary, a barrier/adhesion layer may be deposited on all 
exposed surfaces to help facilitate retention of the second 
dielectric material. The barrier layer may be deposited 
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8 
according to variety of processes. For example, immersion 
coating may be utiliZed or electro deposition. According to 
other embodiments, a spin-off process may be utiliZed to 
deposit the barrier/adhesion layer. 
The second dielectric may then be deposited. The second 

dielectric layer could be any spin-on dielectric as Well as 
other dielectrics. Examples of materials that may be utiliZed 
as a second dielectric include FOX, SILK, Nanoglass, 
Xerogel, epoxides, porous silica, parylene, among others. 

After deposition of the second dielectric layer, the second 
dielectric may be cured by exposing it to elevated tempera 
tures. The temperature may be any temperature above room 
temperature. HoWever, the temperature typically is about 
145° C. to about 350° C. Also, the exposure may be carried 
out for any suitable time. 

Typically, the exposure to elevated temperatures may take 
place for a time of about 15 minutes to about 60 minutes. 
Exposure to elevated temperatures may take place at atmo 
spheric pressure. Alternatively, the subatmospheric or super 
atmospheric temperatures may be utiliZed. The exposure to 
elevated temperatures may take place in ambient atmo 
sphere. Alternatively, the atmosphere may include other 
gasses. For example, the exposure to elevated temperatures 
typically is carried out in an atmosphere that includes 
forming gas, N2, H2, and/or ambient. 
The curing of the second dielectric material may include 

exposing the second dielectric layer to a vacuum. Vacuum 
curing the second dielectric to electro deposition can mini 
miZe stress in the second dielectric material. 

According to one example, the process includes a pre-cure 
stabiliZation/solvent drive off step of about 1 hour at about 
250° C., folloWed by a full cure at about 400° C. for about 
1 hour. Both of these process steps could be carried out in 
an inert or reducing atmosphere, such as N2, or forming gas, 
respectively, at atmospheric pressure. The actual process 
utiliZed may depend upon the dielectric material involved 
and the manufacturers recommendations. 

The second insulator/dielectric may then be polished to 
remove the upper portions and planariZe the upper surface of 
the structure. 

While the ?rst and second dielectric materials typically 
are different, this is not a requirement of the present inven 
tion. In fact, the ?rst dielectric and the second dielectric may 
be the same. In such cases, removing the ?rst deposited 
dielectric and redeposited it may help to remove portions 
that Were damaged during metal deposition. 
Whether they are the same or Whether they are different, 

the ?rst and second dielectric materials may have a loW 
dielectric constant. Typically, at least the second dielectric 
material has a loW dielectric constant. According to some 
embodiments, the dielectric constant of the second dielectric 
material may be no greater than about 3. 

The present invention also provides a metal structure 
formed according to the method described above. 

The foregoing description of the invention illustrates and 
describes the present invention. Additionally, the disclosure 
shoWs and describes only the preferred embodiments of the 
invention, but as aforementioned, it is to be understood that 
the invention is capable of use in various other 
combinations, modi?cations, and environments and is 
capable of changes or modi?cations Within the scope of the 
inventive concept as expressed herein, commensurate With 
the above teachings, and/or the skill or knoWledge of the 
relevant art. The embodiments described hereinabove are 
further intended to explain best modes knoWn of practicing 
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the invention and to enable others skilled in the art to utilize 
the invention in such, or other, embodiments and With the 
various modi?cations required by the particular applications 
or uses of the invention. Accordingly, the description is not 
intended to limit the invention to the form disclosed herein. 
Also, it is intended that the appended claims be construed to 
include alternative embodiments. 
We claim: 
1. Amethod for forming a structure, the method compris 

ing: 
a) depositing a ?rst dielectric material on a substrate; 

b) patterning the ?rst dielectric material; 
c) depositing at least one metal in openings in the pat 

terned ?rst dielectric and on the patterned ?rst dielec 
tric material; 

d) removing portions of the at least one metal at least in 
a region above an upper surface of the ?rst dielectric 

material; 
e) removing the ?rst dielectric material; 
f) providing a second dielectric material in place of the 

?rst dielectric material; and 
g) depositing a barier/adhesion layer prior to depositing 

the at least one metal, Wherein the barrier/adhesion 
layer comprises at least one of PSG and BPSG. 

2. The method according 1, further comprising: 
repeating steps a—f at least once to form a multi-layer 

metal structure. 
3. The method according to claim 1, further comprising: 
repeating steps a—d at least once prior to removing the ?rst 

dielectric material; and 
carrying out steps e and f. 
4. The method according to claim 3, further comprising: 
repeating steps a—f at least once after carrying out step f. 
5. The method according to claim 3, further comprising: 
repeating steps a—d a plurality of times after carrying out 

step f; and 
again carrying out steps e and f. 
6. The method according to claim 1, Wherein both the ?rst 

dielectric material and the second dielectric material are 
spun on. 

7. The method according to claim 1, further comprising: 
vacuum baking the ?rst dielectric material prior to depos 

iting the at least one metal. 
8. The method according to claim 1, further comprising: 
providing a layer of material on at least a portion of a 

surface of the at least one metal prior to providing the 
second dielectric material in order to passivate the at 
least a portion of the surface. 

9. The method according to claim 1, further comprising: 
curing the second dielectric material. 
10. The method according to claim 9, Wherein the curing 

comprises eXposure to a temperature of about 350° C. to 
about 415° C. for about 15 minutes to about 60 minutes, in 
an atmosphere that includes at least one of forming gas, N2, 
H2, or ambient air. 

11. The method according to claim 1, Wherein the ?rst 
dielectric material is different than the second dielectric 
material. 

12. The method according to claim 1, Wherein the at least 
one metal is selected from the group consisting of copper, 
aluminum, tantalum, titanium, TaN/Ta/Cu, TiN/Al, Ti/TiN/ 
Al, Ti/TiN/W and Ti/W. 

13. The method according to claim 1, Wherein the second 
dielectric material has a loWer dielectric constant than a 
dielectric constant of the ?rst dielectric material. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
14. The method according to claim 12, Wherein the second 

dielectric has a dielectric constant no greater than second 
dielectric has a dielectric constant no greater than about 3. 

15. The method according to claim 1, further comprising: 

forming a cap on the at least one metal With an electroless 

deposition process. 
16. The method according to claim 15, Wherein the cap is 

formed after removing portions of the at least one metal. 
17. The method according to claim 15, Wherein the cap 

includes at least one material selected from the group 

consisting of Ni, CoP, NiP, and CoP/Nip. 
18. The method according to claim 15, Wherein the cap 

has a thickness of about 500 A to about 1000 
19. The method according to claim 1, Wherein the ?rst 

dielectric material is removed by at least one process 
selected from the group consisting of etching and dissolving 
in solvent. 

20. The method according to claim 19, Wherein the 
etching is a reactive ion etch or an etch utiliZing CF4 plasma. 

21. The method according to claim 20, Wherein the etch 
is a reactive ion etch utiliZing O2. 

22. The method according to claim 1, further comprising: 
polishing the second dielectric material. 
23. The method according to claim 1, Wherein the ?rst 

dielectric material includes at least one material selected 
from the group consisting of oXides and polymeric materi 
als. 

24. The method according to claim 23, Wherein the 
polymeric materials comprise soluble epoXies. 

25. The method according to claim 1, Wherein the ?rst 
dielectric material is a polymeric material and is removed by 
etching or by dissolving With a solvent. 

26. The method according to claim 1, Wherein the ?rst 
dielectric material is an oXide and is removed by etching 
With CF4 plasma. 

27. The method according to claim 1, Wherein the barrier/ 
adhesion layer is deposited With a thickness of about 200 A 
to about 600 

28. The method according to claim 1, Wherein the second 
dielectric material includes at least one material selected 
from the group consisting of FOX, SILK, nanoglass, 
Xerogel, epoXides, porous silica, and parylene. 

29. The method according to claim 1, Wherein not all of 
the ?rst dielectric material is removed prior to providing the 
second dielectric material. 

30. The method according to claim 1, further comprising 
the step of stabiliZing by heating the ?rst patterned dielectric 
prior to depositing the at least one metal. 

31. The method according to claim 30, Wherein the 
stabiliZing comprises eXposing the ?rst patterned dielectric 
to temperatures above ambient temperature. 

32. The method according to claim 31, Wherein the 
temperature is above about 20° C. and up to about 385° C. 

33. The method according to claim 31, Wherein the 
eXposure to temperatures above ambient is carried out for 
about 1 minute to about 1 hour. 

34. The method according to claim 31, Wherein the 
stabiliZing further comprises exposing the ?rst patterned 
dielectric to pressure beloW standard pressure. 

35. The method according to claim 34, Wherein the 
pressure is above about 2 millitorr and beloW about 760 torr. 


